We have isolated and characterized the developmental expression of Xenopus gdf16, a novel member of the growth/differentiation factor (gdf ) gene family. The gdf16 gene encodes a pre-proprotein of 413 amino acids and a mature peptide of 122 amino acids. Gdf16 is most closely related to the zebra®sh genes dynamo and radar, but exhibits a completely different expression pattern. Gene expression is detected at early tailbud (stage 25) in the ®rst two epibranchial placodes and in a hindbrain-speci®c domain. As development proceeds, the gene is expressed in all the epibranchial placodes, the hindbrain, and the diencephalon. q 2000 Elsevier Science Ireland Ltd. All rights reserved.
Results
The bone morphogenetic proteins (BMPs) are secreted homo-and heterodimeric proteins of the TGF-b superfamily. These factors activate signal transduction pathways in a wide array of developmental processes in organisms ranging from nematodes to mammals. The Gdf proteins de®ne a subdivision of the BMPs, and include the murine proteins GDF5, 6 and 7 (Storm et al., 1994) and the zebra®sh proteins Contact, Radar, Dynamo and Gdf7 (Rissi et al., 1995; Davidson et al., 1999) . The BMP antagonist Noggin has recently been shown to bind to and directly inhibit Xenopus Gdf6 (Chang and Hemmati-Brivanlou, 1999) .
Members of the Xenopus Gdf family were isolated by screening a stage 42 tadpole cDNA library with zebra®sh radar sequences (Rissi et al., 1995) . Amongst the recombinants was a novel sequence, which we have named gdf16 (Fig. 1A) , corresponding to the next unclaimed number in the gdf gene series. The sequence contains an open reading frame of 1239 bp, indicating a protein of 413 amino acids with a predicted molecular weight of 46.5 kDa. The Nterminus of the pre-proprotein contains a hydrophobic signal peptide from amino acids 1±23 (SignalP program, Schultz et al., 1998) . Based on sequence alignments, the proprotein will be cleaved after amino acid residue 291 to generate the mature 122 amino acid Gdf16 protein. Comparison with Genbank sequences and construction of a parsimony tree (Fig. 1B) indicate that Xenopus Gdf16 is most closely related to the zebra®sh proteins Dynamo and Radar, but occupies a separate branch of the tree.
Using whole mount in situ hybridization, gdf16 transcripts are ®rst detected at the tailbud stage (stage 25) as two parallel lines ventral and immediately posterior to the eyes, representing the future epibranchial facial and glossopharyngeal placodes ( Fig. 2A) , (Schlosser et al., 1999) . These epibranchial placodes are components of the neurogenic ectodermal placodes, which mark a subset of the cranial sensory neuromasts (Begbie et al., 1999; Schlosser et al., 1999) . Transverse sections indicate that expression in the epibranchial region is limited to a small group of cells located immediately below the epidermis (Fig. 2F ,G). Slightly later (stage 30), a third line of expression appears immediately posterior to the ®rst two epibranchial placodes, corresponding to the ®rst vagal epibranchial placode (Fig.  2B) . At approximately stage 35, a fourth domain is observed, corresponding to the partially fused second and third vagal epibranchial placodes (Fig. 2C ). This expression pattern persists at least through stage 37. The spatial and temporal order of appearance correlates with the order of activity for the epibranchial placodes as described by Nieuwkoop and Faber (1994) .
At approximately the same time that expression is detected in the epibranchial placodes, a second, dorsal domain of expression is observed in the area corresponding speci®cally to the hindbrain (Fig. 2A) . The anterior extent of this hindbrain expression domain corresponds to the caudal edge of the eye (Fig. 2C) . Sectioning reveals that neural expression is limited to the roof plate of the neural tube (Fig. 2H) . This hindbrain speci®c expression pattern persists until stage 35 when a second domain in the roof plate of the diencephalon also becomes visible (Fig. 2E) .
To our knowledge, gdf16 is the ®rst gene which speci®-cally marks the epibranchial placodes, although NeuroD marks both the placodes and cranial ganglia (Schlosser et al., 1999) . Although the primary amino acid sequence of Gdf16 is similar to zebra®sh Radar and Dynamo (Fig.  1A) , the completely different embryonic expression pattern and the phylogenetic tree (Fig. 1B ) strongly suggest that it is a distinct gene with a different developmental function.
Methods

Approximately 10
6 plaques of a Xenopus stage 42 library were screened at low stringency (5£ SSC, 0.1% SDS, 378) with a zebra®sh radar DNA probe. Amongst the positive clones, one contained a 3.3 kb insert containing approximately 900 bp of coding region. Since no other clones corresponding to this sequence could be isolated from the cDNA library, the sequence of the N-terminus of the proprotein was determined by a combination of 5 H RACE (FirstChoicee RLM-RACE Kit, Ambion) and genomic inverse PCR. Genomic PCR was performed by digesting 1 mg of genomic DNA with Rsa1, and ligating overnight in a 20 ml volume. One ml of this ligation was added to a 50 ml PCR reaction and ampli®ed with TAQ polymerase under standard conditions using the primers SVO431 5 H -TAGCAGCAGCAGCAGCCCATA-3 H and SVO432 5 H -TCTCCTCCCACAGGCTCAGACTGAC-3 H . In situ hybridization and serial sectioning was performed as described previously (Gerber et al., 1999) . Antisense digoxigenin probe was prepared by linearizing with EcoR1 and transcribing with T7 polymerase using standard protocol. 
